The use of mobile devices during television viewing is now commonplace, and broadcasters are increasingly supplying programme-related 'companion content'. To produce an optimal user experience, it is important to determine how the delivery of companion content affects and is perceived by the viewer -without this we risk distracting the viewer, leading to frustration and disengagement. We present a controlled study investigating how attention, cognitive load, and users' preferences are affected by the provision of two different content delivery modes: pushed and pulled. We find that delivery mode affected the temporal distribution of gaze to the tablet, with a consistent viewing pattern for pushed updates, which attracted attention within a few seconds, and a more diverse set of viewing patterns when updates were pulled. Cognitive load was similar in both conditions, and there was no consensus as to which mode was preferred, but users showed strong, polarised individual preferences. The advantages of each delivery mode are presented as a set of recommendations for the delivery of companion content. The BBC grants permission to individuals and organisations to make copies of the entire document (including this copyright notice) for their own internal use. No copies of this document may be published, distributed or made available to third parties whether by paper, electronic or other means without the BBC's prior written permission. Where necessary, third parties should be directed to the relevant page on BBC's website at http://www.bbc.co.uk/rd/pubs/whp for a copy of this document. 
RQ2: Does cognitive load vary according to mode of delivery?
In the pull condition, participants are required to assess the range of companion content available and select when to view it. The results show that participants chose to match the topic of the companion content to that on the television in nearly all cases. The process of assessing, selecting and requesting companion content did not have a measurable impact on the perceived workload, although the interviews revealed that the push condition entailed less decision making than the pull mode. In fact, the median values were slightly lower for the pull mode than for the push for the ratings for all aspects of task demand except frustration and mental demand, which indicates a lower perceived workload for the pull condition. There were no significant differences between the conditions with regard to difficulty managing attention, but the pull condition resulted in fewer answers on the negative end of the scale.
RQ3: Do viewers prefer content to be pushed, or to pull it themselves as required?
The preference data showed that there were no significant differences between the two different delivery modes, neither was there a significant difference between participants' ratings of overall experience. There was, however, a polarisation in preference between push and pull. Participants who preferred the pull mode generally did so because they liked to have control over when they looked at the content. The preference for the push condition was based on the experience being more fluid and engaging, and requiring less decision making.
Recommendations
Based on the results of this study, we identify the following recommendations for those creating companion content:
Push or Pull? The results of this study do not support a strong recommendation for either push or pull. What they do show, however, is that people tend to have a strong personal preference for one or the other: pull was liked for the level of control it allows, while push was liked because it did not require any user input. Pull would probably make a more suitable default, since participants were less likely to react strongly against it than they were to push. We might speculate further that the presentation mode might vary according to the objectives of the show -more immersive content, such as a drama, might be better served by pushing companion content, while pull might work better for factual content with natural breaks.
Timing: Implementing the push behaviour requires careful consideration of update timing, as each update is likely to attract considerable attention from viewers. Attention builds rapidly over the 3-5 seconds following the update, then diminishes slowly over the following 20-30 seconds.
Layout: The length of these clips meant that there were relatively few companion segments to choose from in the index page of the pull condition; for a longer show, the index page itself will need organisation. Participants' self-selection of companion content to match television topic suggests that the content could be organised by topic, with index pages per topic pushed to the user, then allowing viewers to pull individual segments.
Notifications: Notifications should be used to mitigate the higher temporal workloads that some people felt in the push condition. One approach would be a user-interface component that indicates when the next update is going to occur, as investigated by [42] .
Introduction
Interacting with a tablet or mobile device while watching television has emerged as a natural way of consuming entertainment. The way in which this second device is used varies widely, and includes activities both related and unrelated to the television programme [2, 3] . Increasingly, a companion application is used on the second device to provide extra information that is tightly integrated with the television programme: this application is used to push programme related content to the user's device. Some examples of these show-related companion applications are ABC's Grey's Anatomy, AMC's The Walking Dead Story Sync, The Conan O'Brien Show's Team Coco, the BBC Sports app or ITV's Britain's Got Talent app. In other cases the interaction is more decoupled: no special application is provided and no related content is delivered, instead viewers pull information which interests them at times of their choice. For instance, going to the Web to find information viewers are interested in, or using social media apps to comment on a particular program.
Based on these scenarios, we define companion content as curated additional information supporting a programme that is being broadcast concurrently. In such situations, the viewer's attention will be divided between the two devices in a manner that varies according to the television content, the content on the second device, the social environment, and any task the viewer is performing [4] . From a broadcaster's perspective, the aim is to make the viewer feel engaged with the content. The nature of this engagement will vary according to the content itself, but the goal is to have the audience enjoy the experience and feel that it was a valuable way to spend time. Traditionally, a simple measure of engagement would be the level of attention given to the television screen, but in the multi-screen world, this no longer holds -the aim is now to allow the viewer to engage across devices, and this implies that attention is split across different information sources. Managing attention in this situation is not necessarily easy, and a poorly designed experience will leave the viewer unable to get the information she wants at the most appropriate time, resulting in frustration and disengagement. The challenge is to design the experience in such a way that the viewer is able to divide attention across the two information streams in an effortless and seamless manner.
To achieve this, it is necessary to have an understanding of how people behave in a dual screen environment. In this paper, we describe a study designed to explore the differences between two methods of providing programme-coupled companion content on a tablet computer. In the first -push -the companion content is updated automatically, at times designed by the production team (synchronised with the television), so that all viewers see the same companion content at the same time, and this is always directly related to the television content. In the second -pull -the viewer is provided with the same companion content, but accesses it via an index page, and can view any of the segments of companion content at any time. We monitored 24 participants in a 'living room' lab designed for ecological validity, interacting with television and companion content that had been designed by a professional production team. The following research questions were posed as directly relevant to uncover the necessary knowledge and understanding for designing the delivery of future companion content:
1. Does the mode of companion content delivery affect how attention is distributed between the television and the tablet? Viewers may attend to more of the companion content if it is pushed, or spend longer looking at an item of interest that has been pulled.
The contribution of this paper lies in answering these questions. By doing so, we are uncovering knowledge and building an understanding of:
• How companion content is consumed, in terms of detailed quantified analysis of the distribution of visual attention;
• How demanding people find the process of consuming both television and companion content, in terms of cognitive workload;
• Which method of companion content presentation people prefer.
This understanding is key to identifying the factors that authors of companion content need to consider when creating their content, and to propose a set of recommendations for how to use the presentation method to match their creative aims and provide better TV experiences.
Background
The use of a 'second screen' -usually a tablet or mobile phone -is, for many, now a routine part of watching TV. The advent of interactive television and the mobile Web has allowed TV viewing to move from a primarily passive to a more active domain, where people can control, enrich, share, and transfer television content [5] . A study by Yahoo! and Nielsen reported that, in 2010, 79% of people occasionally or frequently accessed the Internet over a smartphone while watching TV [6] . An ethnographic study, conducted by Vanattenhoven and Geerts, capturing the second-screen habits of 12 households, found that second-screen use was recorded by 11 of them [7] . A key reason for accessing the Internet on a mobile phone is that it fits better with concurrent activities such as TV [8] . Secondary devices are now used for a wide variety of purposes, including information seeking and social media use, which is often, but not necessarily, related to the television programme on screen [9, 10, 11] . This behaviour has started to happen spontaneously as these technologies become an integral part of everyday life, but it is not entirely consumer-led -broadcasters have also been exploring the use of a mobile phone, tablet or laptop computer as a secondary display, primarily to aid content discovery and engagement [12] . The secondary device has been used to provide programme guide information [13] or material to aid accessibility to disabled users [14] in a manner that does not occlude the main television screen. This can be particularly important in situations where the main screen is being shared by a family or other group. Increasingly, by creating and distributing software applications for phones/tablets, or placing specifically related material on the Web, television broadcasters are using the secondary screen to present companion content synchronised with the primary programme [15] .
For broadcasters, this represents a huge opportunity. Within a more standard, desktop computing environment, the preference for multiple displays is well-evidenced [16] . Now it is clear that many viewers will be using secondary devices while watching TV, and producing complementary content for both screens, to provide an even more compelling experience, is becoming a priority. Broadcasters' dual screen companion applications might add auxiliary material to drama productions, coverage of sport, news, documentaries and entertainment [17, 18, 19] , with a variety of mechanisms used to achieve synchronisation between the two display devices [20, 21] .
In order to optimise the dual screen viewing experience, and ensure that companion content is provided in a comfortable, informative and engaging way, it is important to have a good understanding of attention and cognition in this complex interaction scenario. Within HCI, we have seen behaviour with multiple screens investigated from the perspective of modelling task performance [22, 23, 24, 25, 26, 27] , studied in the wild [28, 29] , and are now seeing a plethora of novel multiple device interaction paradigms [30, 31, 32, 33, 34, 35, 36, 37, 38] . In the following section, we consider in more detail related research within the domain of entertainment and media.
Related work
Eye tracking studies have provided some important formative results in this field. In an observational study, Holmes et al. used a head-mounted eye-tracker to monitor the attention of people viewing a drama or documentary programme with a companion app running on a second-screen [15] . They reported the proportion of attention given to each device (63% on TV, 30% on tablet) and the lengths of the views on each device (means of just over 2s on the TV, 1s on the tablet). They also noted that attention appeared to shift to the tablet when it updated, and when the TV showed advertising content. A second observational study using free-standing eye trackers to monitor attention across two screens reported a similar split of attention between the TV and mobile device, with early evidence that both updates to the companion content, and audio exclamations on the TV, were key factors in attracting attention to the tablet and TV respectively [39] .
Other research examining the characteristics of TV and companion content has shown that keeping displays temporally synchronised, and allowing users to revisit content to recap, both improve the dual screen viewing experience [40] , and that it may be important to ensure a close visual match of content to minimize the time necessary to orient attention when switching between devices [41] .
A key issue with regard to second-screen use is its potential to place additional cognitive demands on the viewer. Whilst viewing with companion content is often a positive experience, it is not necessarily relaxing [17] . Web browsing on a secondary device has been shown to have a negative effect on factual recall and comprehension of news programmes [2] , and people have reported that attention overload is a common problem when using a second screen [42] . To allow people more control of the dual screen viewing experience, Neate et al. investigated the effects of embedding notifications into the TV show, to alert people to the appearance of new companion content [43] . Like [39] , they noted that peripheral stimuli on the secondary device appeared to attract attention, and found that the notifications on the TV screen gave them more conscious control over their orientation of attention. Qualitative evidence in support of TV-based notifications for companion content has also been provided by [44] .
Thus far, there has been no formal investigation of how content delivery mode affects visual attention or viewing experience. Whilst there has been some systematic research conducted with regard to the visual presentation of dual screen material [42] , much of the previous work has had a descriptive or observational focus. We build on this foundation with a study that provides a controlled evaluation of content delivery mode from the perspective of visual attention distribution, perceived cognitive load and user preference. We provide a detailed examination of the distribution of attention following updates, confirming the 'attention grabbing' effect that has been noted anecdotally, but not previously quantified. Cognitive load and user preference results demonstrate that broadcasters can retain some freedom in deciding how to deliver companion content, but that to accommodate both viewers who want an active experience, and those who would prefer it to be more immersive, it may be necessary to offer different options for delivery mode. These results represent a timely contribution to user experience in the home environment, at a time when both TV viewing, and secondary device usage, is on the rise [45] .
Method
To derive recommendations for the design of companion content, we wanted to investigate behaviour whilst watching television with a mobile device in a controlled manner, but in a naturalistic environment. In order to enable participants to experience each type of presentation method, and to reflect on which they preferred, and why, the study design involved each participant viewing one piece of content with pushed companion content and another with pulled, such that they could rate and reflect on each experience, and compare the two. To minimise bias associated with individual differences with regard to the mode of delivery, we followed a mixed design, with all participants watching the same, single, complete 20 minute clip of a programme. The clip was cut into 2 self-contained clips, and each one was presented either experiencing pushed, or pulled companion content; presentation order of both clip and delivery mode was counterbalanced.
Participants
A total of 24 users took part in the study (12 females). The median age of participants was 37 years, with a range of 22-57. Participants were recruited by an external agency. As the stimulus was nature-themed (see Section3.3), we asked for participants with an interest in natural history and who enjoyed watching nature programmes. A further inclusion criterion was frequent or regular use of a mobile or tablet while watching television, to find information related to the TV programme.
Apparatus
The experiment was performed in a user lab that simulates a modern living room. The laboratory was equipped with cameras and microphones to record participant activity. Four cameras were used: one was situated above the television screen to record the front view of the participant; a second camera pointed at the television to record what was being shown; the third camera was pointed down at the tablet, to record what was being shown on the tablet; and the fourth camera was directed towards the left-hand side of the participant. The television content was displayed on a 47 inch LG television, while the companion content was presented on an Apple iPad through the Chrome browser. Both television and companion content were served from a MacBook Pro.
Stimuli
The stimulus used was related to the Autumnwatch TV program, for which companion content had already been created by a professional production team, and broadcast during one episode of the programme [46] . Autumnwatch presents information about nature in the British Isles in the autumn, with a weekly programme showing how the wildlife changes over the course of the season. The episode presented three main topics: dolphins in Cardigan Bay; starlings roosting under Aberystwyth pier, and sea trout in a Welsh river. It was first broadcast on 18 th November 2010.
TV content
To minimise practice effects, and maintain a naturalistic viewing experience, the TV programme was split into two clips (A, B), which were used with their corresponding companion application content. Each clip covered two topics, and included segments where presenters spoke from an outdoor studio. Clip A (659 seconds long) started with the topic of 'starlings' first, moved to 'dolphins' and then back to 'starlings'. Clip B (611 seconds long) started with the topic of 'starlings' and moved on to a section on 'sea trout'. The clips were selected to cover two topics, and to be self-contained. Because previously authored companion content was being used, the segments were also chosen so that the companion content in each clip was as similar as possible with regard to content and frequency. Figure 1 gives an overview of the content on both the TV and the companion device.
Companion application content
For each clip we selected the corresponding companion content to present relevant information on the tablet. As previously mentioned, the content had been designed by the original professional production team, and it was designed to be informative and relatively 'ambient'. The companion content for Clip A consisted of four segments (two for each main topic, 'starlings' and 'dolphins'); that for Clip B contained five segments (three related to 'starlings' and two about 'sea trout'). All content consisted of a single image accompanied by a small amount of text (a single paragraph or one-sentence caption). Interactivity was limited: two segments (A3 and B1) presented a question to the user and revealed the answer when tapped; two segments (A4 and B4) had no interactivity; two segments (B2 and B3) had multiple slides that the user could move between. Three segments were more interactive: A2 had a slider that the user could move back-and-forth to see a visualisation of starling flocking, while the other two (A1 and B5) presented an image with further information on different points that could be displayed when tapped (locations to view starlings and the lifecycle of the trout respectively). The same content was used in both conditions, but the delivery mode was varied. Pushed content was automatically displayed on the tablet at times originally specified by the production team. The content remained on the device until the next segment of content was pushed; the change was visual only -the screen briefly went white before the new content appeared but there was no other notification. In the pull condition, the content was accessed via an index page which allowed participants a completely free choice about when to view it. Figure 2 shows an example of the index page, which was considered to be the minimum viable presentation of the content menu to allow viewers to manage scheduling manually.
Procedure
The experiment took place during January and February 2015. The study was introduced to participants, and the nature of the clips and the companion content was explained. Participants were shown some demo content on the tablet, and were able to try interacting with it. Participants were encouraged to watch the television as if they were at home, and they were told that they were free to use, look at and interact with the companion content on the tablet as they wished, or to completely ignore it.
Participants watched both clip A and clip B, each with a different companion content presentation method. The orders of clip and content delivery mode were counterbalanced so that participants were assigned to one of 4 groups: Group 1 saw A-pull then B-push, Group 2 saw A-push then B-pull, Group 3 B-pull then A-push, and Group 4 B-push then A-pull. After each video clip had finished, participants were asked to self-assess their cognitive workload by means of the NASA-TLX questionnaire [47] , which was presented on the tablet. This was followed by a short semi-structured interview to collect more in-depth insights and impressions from participants with regard to their overall experience. Finally, participants were asked to rate their preferred companion content provision mode (push or pull) and explain the reasons for their preference. The session lasted for approximately one hour. Participants were given a £40 incentive for taking part in the study.
Data collection and analysis
The following data were collected in order to answer the research questions:
• Video recordings of participant behaviour. These were used to determine the participant's focus of visual attention at any point during the experiment.
• A log of every interaction that each user had with the companion content (taps and page changes). This supplemented the video data and allowed us to understand when the participants chose to view each page.
• Participants' ratings of their perceived workload for each condition. Participants were also questioned about how easy or difficult they found it to use the companion content alongside the television.
• Likert scale scores concerning the overall experience in each condition, and whether the companion content acted more as a distraction from or complement to the television.
• A subjective rating of preference for push or pull presentation.
• Audio recordings of the interviews. These were transcribed so that thematic analysis could be applied, in order to identify the reasons behind participants' preferences.
The data were used to address the research questions as follows:
1: 'Does the mode of companion content delivery affect how attention is distributed between the television and the tablet?'
In order to answer this research question, it is necessary to monitor visual attention. While this can be done using eye-tracking, analysis of the video recordings is less obtrusive as it allows participants to behave more naturally. In this case, the focus of attention throughout the experience is determined by slow-motion analysis of the the composite video recording of the four camera feeds. For each participant, the time (to 0.1s resolution) of each shift of the viewer's attention (between television, tablet, and off-screen) was recorded. The precision of this method is estimated at 0.5s. These data were used to calculate the total amount of attention given to each device. In addition, the proportion of participants looking at either device at any time during either clip could be calculated, to understand how attention varied over time.
2: 'Does cognitive load vary according to mode of delivery?' Perceived cognitive load data were collected using the NASA TLX workload questionnaire, which was completed twice by each participant, immediately after each clip finished. The questionnaire was presented on the tablet: the participant was presented with a bar for each question, with ends labelled 'high' and 'low'; tapping on the bar displayed a slider which could be moved to whatever position the participant felt appropriate. No scale was shown to the user, but the slider had 21 discrete positions.
The TLX questionnaire was followed by the semi-structured interview, which explored in more detail how difficult the participants found the experience, and how they felt about it generally. Some questions were answered using Likert scales, while others were purely qualitative. The Likert scale questions were as follows (answered on a scale of 1 to 7, with lower numbers representing a worse experience):
• How difficult or easy did you find it to follow the Autumwatch clip while interacting with the additional content on the tablet?
• How difficult or easy was it to get the information you wanted from the tablet whilst following the content on the TV?
• How difficult or easy did you find it to manage your attention between the two screens?
Further questions in the interview probed participants about their overall views, to understand whether they felt the companion content added value to the experience. In the push condition participants were asked whether they felt the timings of the updates were appropriate, and in the pull condition they were asked how they decided when to access the companion content. Participants were also asked if they remembered any times at which they felt their attention was drawn to one device or the other.
3: 'Do viewers prefer content to be pushed, or to pull it themselves as required?' Participants were directly asked for quantifiable answers to three questions relating to their preference. The first were Likert scale questions (as above) asked for each condition:
• How would you rate the overall experience?
• Did you feel that the content on the tablet worked as a distraction from the main clip or did you feel that it complemented the main content?
The third question, near the end of the session, asked participants to compare the two methods, and to express their preference for one or the other on a simple (quantifiable) scale, followed-up with questions designed to elicit richer answers. Participants were first presented with a slider (which worked in the same way to those used for the TLX), with 'push' at one end and 'pull' at the other, and asked to place the slider on the scale to indicate which mechanism they preferred using the distance from the centre to indicate how strongly that preference was felt. This was followed up by asking for the reasons behind their answer. In addition to these direct questions, the semi-structured interview was designed to elicit opinions about each mode of presentation, and it was anticipated that the discussion would reveal preferences and the reasons behind them.
Results
The results are reported in line with the previously outlined research questions (see Section 1). Section 4.1 presents data showing how the mode of delivery affects the distribution of attention, Section 4.2 describes how mode of delivery affects perceived cognitive load, and Section 4.3 considers viewer preference.
Does the mode of companion content delivery affect how attention is distributed between the television and the tablet?
A quantitative analysis of the data relating to the overall division of attention between the television and the tablet, and how the allocation of attention varied over time, is reported. This section also reports on whether, in the pull condition, participants matched their choice of companion content to the topic on the television.
Overall division of attention
The overall split of attention was assessed by calculating the total time that people spent looking at the television, the tablet, or off-screen. As shown in Table 1 , the television received more attention than the tablet under both conditions, but whether the content was pushed or pulled to the tablet did not affect the overall length of time people spent viewing it. Table 1 : Median divisions of attention (% of total time) between television, tablet, and off-screen, for each condition. Figure 3 demostrates how the proportion of people looking at the tablet varied during each clip under each condition. The upper plots show the push condition, and are annotated with lines that indicate when the companion content was updated. Casual observation of these plots suggests that automatic updates in the companion content resulted in an almost immediate increase in the level of attention given to the tablet. Additional annotations on Figure 3 highlight the periods of time when the tablet received high levels of attention. These are defined as those time periods (longer than 5 seconds) when more than 36% of participants were viewing the tablet (this threshold was calculated by dividing the data into 0.5s slices then ranking them by the level of attention in each slice; the value of the third quartile was 36%). Again, casual inspection of these graphs indicates that not only was each automatic update followed by glances at the tablet, but that people's attention was maintained for many seconds.
Distribution of attention
The inferences drawn from these graphs can be tested statistically by comparing the level of attention received by the tablet before and after an update. To do this, we compare the attention given to the tablet in the 10 seconds leading up to each update with that in a 10 second window after the update. The 'after' window was chosen to be the period between 5 and 15s after the update, to allow time for participants to notice the change (the exact way in which attention changes following the update is shown in Figure 4 ). Update times were selected by the production team so that the companion content was synchronised with the topic under discussion on the television. As the time for update 1 was designed to occur 3s after the start of clip B, it is not possible to calculate the level of attention in the 10s before. Therefore, update 1 in clip B is not included in this analysis. For each participant we calculate the time they are viewing the tablet in each of these 10s windows, then we calculate the median of these values across participants. This was repeated for the same time windows in the pull condition -i.e., the same points in the television programme -despite there being no automatic update. The before and after windows are compared using the Wilcoxon signed-rank test. Table 2 : Attention given to the tablet before and after the time each update occurred. Values give the median total time (s) the device was attended by participants in the 10s before and 5-15s after each time. The two periods were compared using the Wilcoxon signed-rank test, bold indicates that p < 0.05; N=11. Figure 4 visualises the effect of updates by overlaying the attention across the times of the four updates in each of clips A and B, for the push and pull conditions. These show that in the case of the push mode, the attention right after the updates rose and then progressively decreased over the following minute. In contrast, in the case of the pull mode, the attention remained relatively constant across these times.
Coverage of companion content
In the push condition, all segments of companion content were displayed to the user; while in the pull condition, participants viewed an index page and had to choose to view each piece of companion content. The interaction logs reveal that all participants visited all segments in clip A; in clip B, segments B1 and B2 were visited by everyone, while B2 was not visited by one (P15), B3 was not visited by three (P1, P15, P20) and B4 was not visited by 3 (P3, P13, P24). Some participants viewed a segment two or three times. P01 visited all segments of clip B at the start, then did not interact again with the companion content. Table 3 details how many participants interacted with each interactive segment under each condition, and gives the median number of touches on the tablet for each. Overall, the total number of segments interacted with was the same, but there were differences in individual segments. The biggest difference was found for segment A2, an interactive slider showing a simulation of starling flocking -the tablet was touched more than twice as many times in the push condition as in the pull condition. On the other hand, segment B5 was interacted with by 7 people in the pull condition, compared with one in the push condition. The total amount of interaction (as measured by touches) was 422 touches in the pull condition and 597 touches in the push condition; this difference arose almost entirely from clip A (193 in pull vs. 367 in pull). As a whole, it is not clear that the way in which participants accessed the information affected how much people were willing to interact with it.
Coordination of companion and TV content
In the push condition, participants were presented with new companion content at times that the production team deemed suitable; these times were selected so that the companion content complemented the topic under discussion on the television. In the pull condition, however, participants were free to view any of the segments of companion content at any time during the clip (although Figure 4 : Overlays of the overall attention data from the times around the push updates in clips A and B. The data are aligned so that t = 0 corresponds to the time in the clip that the update is scheduled in the push condition. The mean proportion of people attending at any given relative time is plotted as a line. Table 3 : This table presents the number of participants (from 12) who interacted with each interactive segment under each condition, and the median number of touches made on the tablet in each. The final column gives the p value for the Wilcoxon signed-rank test comparing the number of touches per person, where a significant difference (p < 0.05) was found between conditions. The total values for touches give the total number of touches across all participants.
the order of links on the index page matched that used in the push condition). Analysis of the interaction data indicates that people almost exclusively matched the theme of the companion content with the topic currently on the television. Although the segments were generally looked at in a different order to that provided, only two participants viewed a segment of companion content at a time when the relevant topic was not under discussion (e.g., viewing companion content about starlings while the TV presenters were discussing trout).
Does cognitive load vary according to mode of delivery?
Overall workload was measured by means of the NASA-TLX scale, which consists of 6 subscales: mental demand, physical demand, temporal demand, performance, effort and frustration. Participants were asked to self-assess their perceived workload after interacting with each presentation mode. Figure 5 summarises the ratings given by participants; these did not differ significantly (Wilcoxon Signed-Rank Test, p > 0.05) between push and pull presentation modes for any of the six subscales. Some of the questions that participants answered in the semi-structured interview were captured on Likert scales. Three of these related to workload, asking participants how easy or difficult they found it to follow the TV while watching the iPad, or vice versa, and how easy they found managing their attention. As with the workload scores, there were no significant differences between conditions, but the pull condition resulted in fewer answers on the negative end of the scale. Figure  6 summarises these results.
Do viewers prefer content to be pushed, or to pull it themselves as required?
After having interacted with both companion content presentation modes, participants were asked to show their preferred option on a 15-point scale, from 1 (push) to 15 (pull). Figure 7 shows that nine participants preferred the push mode, eleven preferred the pull mode and two participants did not show any preference. The median value was 9.5 -slightly on the pull side of the scale.
Two of the Likert scale questions that participants answered were related to preference. These were about the quality of the overall experience, and whether the companion content was seen as distracting or complementary to the TV. Figure 8 summarises these results. There were no significant differences between conditions, but the pull condition resulted in fewer answers on the negative end of the scale. For example, 5 of the 24 participants considered the companion content in the push condition to be distracting (i.e., 1-3 on the Likert scale), compared to none for the pull condition.
Qualitative analysis
The semi-structured interviews allowed us to capture some interesting insights into why participants preferred one presentation mode or the other. In order to understand these, Thematic Analysis [48] was applied to the transcriptions of the final post-interaction interviews. Four themes were identified: control, effort, fluidity and engagement. The first related to the pull condition; Figure 7 : Distribution of the ratings given by participants reflecting their preference over push (1) or pull (15) . the other three were benefits of the push condition. This reveals that while overall the preferences were balanced, the reasons behind them were not: while most participants cited the same reason for preferring pull, there was a wider range of benefits identified with having content pushed.
To ensure the reliability of the results, a second coder reviewed the transcripts and applied the coding scheme to the data. Cohen's Kappa statistic was computed, to measure the average level of agreement between both coders: a mean coefficient of 0.88 was obtained, indicating a substantial level of agreement. The themes are described below.
Participants who preferred the pull mode valued having control of the companion content, as they could choose what to look at on the tablet and when (15 mentions, 11 participants):
"more free will [. . . ] you can go at your own pace, you can go after triggers, after TV that's relevant to you " (P04) Participants who preferred the push mode found the experience entailed less effort to get the information, as the information was pushed to them automatically. They perceived it as a more convenient way of getting the content, requiring less decision making (14 mentions, 9 participants): "I chose the automatic one because it took the decision making away from you at the time" (P08)
"It was very unique really for me because you're actually given the information rather than having to look for it [. "I think the pace, the kind of flow was a lot better" (P18) Some participants with a preference for the push mode talked about having a more engaging experience than when the companion content was pulled (6 mentions, 5 participants): "I liked it because I was kept engaged, it was giving me the information -it complimented what was going on on the screen" (P07) 
Discussion
This experiment aimed to explore the effect of giving viewers control over which segments of companion content to view at any given time, comparing this to the condition where companion content is automatically updated at times pre-determined by the production team and designed to provide a high-level of synchronisation between devices. Here we discuss the results with respect to whether the method of presenting the companion content had an impact on how people allocated their attention; which condition was perceived as demanding higher cognitive load, and which one was preferred by viewers (see Section 1).
Does the mode of companion content delivery affect how attention is dis-
tributed between the television and the tablet?
While there was no difference in the overall time spent viewing the second screen between the conditions, there was a difference in the distribution of attention. When companion content is pushed to the user, the automatic updates act as a strong attractor of gaze, drawing viewers away from the television towards the tablet and holding their attention several seconds. This result extends previous work, which reported anecdotally that updates may have this effect [39] , by providing quantitative evidence that can be used by production teams.
Does cognitive load vary according to mode of delivery?
In the pull condition, participants are required to assess the range of companion content available and select when to view it. The results show that participants chose to match the topic of the companion content to that on the television in nearly all cases. The process of assessing, selecting and requesting companion content did not have a measurable impact on the perceived workload according to the ratings from the NASA-TLX, although the interviews revealed that the push condition entailed less decision making than the pull mode. In fact, the median values were slightly lower for the pull mode than for the push for the ratings in all subscales of the NASA-TLX except for the frustration and mental demand, which indicates a lower perceived workload for the pull condition. There were no significant differences between the conditions with regard to difficulty managing attention, but the pull condition resulted in fewer answers on the negative end of the scale.
Do viewers prefer content to be pushed, or to pull it themselves as required?
The preference data showed that there were no significant differences between the two different delivery modes, neither was there a significant difference between participants' ratings of overall experience. There was, however, a polarisation in preference between push and pull. Participants who preferred the pull mode generally did so because they liked to have control over when they looked at the content. The preference for the push condition was based on the experience being more fluid and engaging, and requiring less decision making. While it was not the primary aim of this research to explore which factors in the content influenced how people allocate their attention, some of these have emerged during the course of the analysis. In the pull condition, people could decide when to view additional content, and it was observed that this was typically done during periods of low visual interest on the TV, such as when the presenters were talking to each other in the studio, or when they wanted additional information about something that had interested them in the television programme. It was also noted that, in both conditions, verbal audio cues are important triggers for switching attention from the second screen back to the television. It will ultimately be important not only to understand which factors trigger of attention shifts, but to understand the interplay between them, to ensure that content is presented in a way that minimises distraction, and increases the likelihood of attention shifts to relevant information.
Recommendations and future work
The use of a second device while watching television has emerged as a natural behaviour due to the ubiquity of tablet and mobile devices, and carefully designed companion content has the potential to greatly enhance the television viewing experience. Based on the results of this study, we identify the following recommendations for those creating companion content:
Limitations
The stimulus used in this study was related to the Autumnwatch program and was created by a major international broadcaster as a genuine and varied dual-screen experience. While the participants were people with an interest in natural history, who enjoyed watching nature programmes and were used to use the mobile or tablet while watching TV, we hypothesise that the outcomes are generalisable to broader audiences interested in other factual programs with similar characteristics to the Autumnwatch program, and to the companion content format we used. Nevertheless, further research is required to confirm these recommendations for other genres of TV programs. An important limitation of this study is that we only monitored visual attention. Auditory attention is an important part of the experience, but due to the fact the companion content employed was purely visual in nature, and the methodological challenges in objectively determining the location of auditory attention in this situation, we only tracked visual attention.
Conclusions
This study explored two methods for presenting companion content to television viewers: in one (push) the viewer receives updates automatically, at a time determined by a production team; in the other (pull), viewers had access to all companion content throughout the show, and made their own decisions about when to view each segment.
While there was no clear overall preference for push or pull, there was a polarisation: most users strongly preferred one mechanism or the other. People preferred the pull mode due to the control it provided, and the push mode because it was perceived as a more fluid and engaging experience that required less effort in terms of decision making. In the push condition, it was demonstrated that automatic updates had a strong effect on viewers' attention, pulling it to the tablet almost immediately and keeping it there for several seconds.
These outcomes are an important step in building an empirical understanding of how to produce and present companion content. They indicate that there is an appetite for the high-quality companion content, curated by the production team, and that it has a place alongside self-directed browsing.
9 Acknowledgments
